Attrition can be a serious problem for nursing programs and students. Loss of students during a nursing program or through NCLEX failure is a waste of resources and results in inefficiency in the production of nurses for the workforce. Using data from 341 students admitted over a threeyear period, the goal of this study was to determine which factors best predicted student success in a Baccalaureate of Science in Nursing (BSN) Program. These factors were then used to develop an admission formula which was tested retroactively to determine its ability to differentiate between successful and non-successful students. Authors defined student success as passing all nursing courses on the first attempt with a grade of C or above, on time program completion, and passing the NCLEX on the first attempt. Logistic regression for prediction of the probability of success found the following three variables accounted for 76% of the variance:
Pre-admission Predictors of Student Success in a Baccalaureate of Science in Nursing Program
Attrition is a concern for many nursing programs in the United States (U.S.), with some programs reporting graduation rates as low as 50% (Newton & Moore, 2009 ). Attrition results in waste of critical resources, thus much effort is spent by admission committees in an attempt to select the students who will be most likely to complete the program. There are limited studies which examine the use of grade point average (GPA) and entrance exam scores to predict success in the first semester of a nursing program, and several studies have looked at the relationships between nursing course grades, standardized exit tests and NCLEX success (Chen Using data from 341 students admitted over a three-year period, the goal of this study was to determine which factors best predicted student success in a Baccalaureate of Science in Nursing (BSN) Program. These factors were then used to develop an admission formula which was tested retroactively to determine its ability to differentiate between successful and nonsuccessful students. For this study, student success was defined as graduating within four semesters of entering the nursing program, no nursing course grades below a grade of "C", and passing the NCLEX on the first attempt. The variables tested were those available at the time of application to the BSN nursing program which also had support from the literature. The Geometric Model of Student Persistence and Achievement was used as the theoretical framework for this study (Swail, 2004) .
Obtaining national level data on graduation rates for U.S. nursing programs is difficult. A review of the websites and contact with the respective research departments revealed that the American Association of Colleges of Nursing (AACN), the Commission on Collegiate Nursing Education (CCNE), and the National League for Nursing (NLN) do not compile or report this information, nor does the National Council of State Boards of Nursing. The only organization which reports this data is the Accreditation Commission for Education in Nursing (ACEN). See Table 1 for graduation data from ACEN accredited programs (ACEN, 2014).
However, according to AACN information, 85% of Baccalaureate of Science in Nursing (BSN) programs in the U. S. are accredited through AACN-CCNE. The other programs are either accredited by ACEN, or in some cases not accredited. In an attempt to approximate graduation rates for AACN BSN programs, the last three AACN annual reports were reviewed.
While AACN does not report actual graduation rates, they do report data on how many students are admitted overall to AACN schools and how many are graduated each year. If the number of seats and programs can be assumed to be relatively constant over the time it takes students to graduate, comparing the number of students admitted in any given year with the number graduated should give an approximation of the graduation rate for these programs. See Table 2 for this data (Fang, One problem with this data is that more programs reported graduation numbers than reported admission numbers, which makes it difficult to infer retention numbers from this data. Another problem with the available data from the national nursing accrediting organizations is that some nursing programs are not accredited by either of the currently available nursing accrediting organizations. Requirements for nursing programs to be accredited vary from state to state according to state nursing regulations. All of the above points to the need for some type of national level data collection mechanism which would cover all types of nursing educational programs, no matter what state they are located in, or if they are accredited or not.
Given the problems with the national data, state level data was also reviewed. In Kentucky, nursing programs are not required to be accredited in order to be approved by the Board of Nursing. However, as in many states, all nursing programs in Kentucky are required to report graduation rates to the Kentucky Board of Nursing (KBN). Similar to the definition for graduation rate used by ACEN, graduation rates are based on the number of admitted students who graduate within 150% of the time of the stated program length, and the clock starts with enrollment in the first nursing course (Kentucky Administrative Regulations, 201 KAR 20:360).
See Table 3 for Graduation Rates for Kentucky Nursing Programs. while quantitative data is relatively easy to obtain and analyze, it can also be problematic due to possible grade inflation in prerequisite courses and differing grading systems. This can be a particular problem for programs that attract a high number of transfer students (Chen & Voyles, 2013 ). It has also been argued that use of the statistical model might lead to decreased diversity within the nursing workforce. However, at least one large study demonstrated that use of a statistical selection model resulted in improved graduation rates for both non-minority and minority students, with greater increases in retention seen in the minority students (Phillips, 2002) .
Theoretical Framework
The Geometric Model of Student Persistence and Achievement (Swail, 2004 ) was the theoretical framework for this study. This triangular framework is composed of three major supports, the cognitive abilities of the student, the social and behavioral attributes the student brings to the table, and the institutional supports available (see Figure 1 ). This model differs from others by placing the student at the center of the model. In addition, the model is fluid, in that the sides of the triangle can vary, based on the areas of relative strength or weakness.
According to the theory, strength in one area, such as cognitive ability, can help overcome relative weakness in another area, such as social and behavioral attributes or institutional support.
According to Swail's theory, cognitive factors are those which indicate the intelligence, knowledge, and academic ability a student brings with him or her to the college environment.
These factors may be measured by high school or college GPA, performance in selected college level courses, and performance on standardized exams. Cognitive factors are important because they directly relate to the student's ability to comprehend and complete the academic portion of the college curriculum (Swail, 2014 ). These cognitive factors are frequently available to the admission committees and are used by most nursing programs as part of the admission process, but how to best use these factors and which ones are the most predictive of success is still unknown. Thus for this study we focused on maximizing the cognitive side of the triangular model by determining which cognitive factors available at the time of nursing program admission would best predict program completion and NCLEX success.
Literature Review
A search of CINAHL, Medline and Google Scholar was conducted to identify relevant studies to review. As this current study was conducted with the ultimate goal of helping nursing admission committees with student selection, this review does not cover studies which used data that would not be available at the time of nursing admission, such as nursing course grades. This review also does not include studies which used performance in early nursing courses as the primary outcome, and did not follow the students through to graduation and NCLEX performance. However, as the remaining studies were few and mostly limited in size, this review does include studies from both Associate Degree Nursing (ADN) and BSN programs.
Given that both types of nursing programs have similar problems with retention, this broader review may help educators from both types of programs see which quantitative admission factors have been found to be related to student retention in pre-licensure nursing programs.
The first study reviewed is one of the oldest, but also the largest conducted thus far.
Phillips, Spurling, and Armstrong (2002) identified a need to develop a statistical selection model that would improve the program completion rates for students enrolled in California Community College System ADN programs. This large state-funded study evaluated nursing student performance using longitudinal data from admission through program completion. Onethird of the community colleges within the California System participated in this study. Data from twenty consortium colleges consisting of 5,007 students during the academic years of 1994-95 through 1998-99 were used. The study tested almost 50 variables to determine their relationship with the dependent variable of program completion. Four factors were determined to be the best predictors: Preprogram College GPA, English GPA, Core Biology GPA (Anatomy, Physiology and Microbiology) and repeating Core Biology courses. Statistical analysis included a logistic regression to form a composite admission score. Phillips et al. found that students selected using the admission score were more successful than students selected by means of the prior rational method of student selection. Implementation of the new admission score increased graduation rates from 73% to 82%. The effects of the model on performance by various ethnic groups were also examined. While the model increased retention of White students by only 3%, it increased retention of African American students by 15% (Phillips et al., 2002) . Limitations of this study included problems inherent with use of a large system wide database, such as missing data from students who transferred courses into the system, and possible variation in the quality of pre-requisite courses offered across the system. , and the ATI TEAS using a logistic regression analysis of data from two cohorts of ADN students (339) who were followed over 5 years. The HESI A 2 (p = .000) and TEAS (p = .004)
were both statistically significant in predicting program completion, but not the PAX-RN. A major limitation of this study is that it included only one school of nursing and the three exams were not taken by the same students.
Summary of Literature Review
The studies reviewed above indicate use of a statistical selection model can be more predictive of student success in nursing programs than use of rational models of selection.
However, the variables included in the studies differed; with most using preprogram GPA, some including GPA in science courses, and some including was coded as a dichotomous variable of either success or non-success. Success was defined as graduating within 4 semesters of entering the nursing program, no nursing course grades below a grade of "C" and passing the NCLEX on the first attempt. Students who needed to repeat a nursing course, who were unable to graduate or were unable to graduate on time (usually due to repeating a nursing course), or those who were unable to pass the NCLEX on the first attempt were coded as "non-successful" for the purposes of this study.
Sampling
Data from 586 nursing student applications to the BSN program were reviewed as part of this process. This includes data from students who applied to the nursing program and were not admitted. The data from one admission cohort (Spring 2013) was incomplete concerning one of the variables in the study, so this admission cohort was omitted from the final study.
Results

Demographics
With the exception of the Spring 2013 cohort, data from students admitted to the BSN program from Fall 2010 through Fall of 2013 were used for this analysis, which resulted in a total study N of 341 students. Females were 87.52% of this group, males were 12.48%.
Caucasians were 91.71% of the admitted students, 3.09% were African American, and 5.2%
were listed as other. Only six students (1.8%) were classified as English as a Second Language (ESL). Of the students admitted during this timeframe, ultimately 229 would meet the criteria for "success" as outlined earlier. Students who did not meet these criteria were classed as "nonsuccessful" (n = 112) for the purposes of this study, but that does not mean they did not eventually graduate and pass NCLEX, just that they failed to meet one or more of the defined criteria for "success" in this study. Of those students who were classified as "non-successful", 52 were ultimately able to graduate and pass NCLEX, for an overall program completion rate of 82% during this timeframe.
Data Analysis
The independent variables investigated were: (1) Nursing Admission GPA (mean GPA of all classes taken prior to entering the nursing program); (2) Science GPA (mean GPA of nursing required science classes taken prior to entry, including grades from repeated courses); (3) HESI The primary statistical method used for this study was logistic regression. Logistic regression is akin to multiple regression, but with an outcome variable that is a categorical variable (binary).
In its most elementary form, logistic regression predicts which of two categories a case is likely to belong given the values of the independent variables. For this study, logistic regression was used to predict which category a student was likely to fall within (successful or non-successful)
given their performance on the predictor variables outlined above.
Assumptions and limitations for this analysis include:
1. Each observation within the dataset is independent (occurs only once).
2. The sample for this project was screened for admittance to the WKU Nursing program.
As a result of the screening process the data do not represent the general student population. These data are likely be skewed as a result of students being selected for admission into the nursing program due to their academic performance.
3. Variables that exhibited a significantly high correlation with any of the other variables were identified for removal prior to entry in the logistic regression model. One variable, admission score, was removed due to high correlations with other variables.
Results of Logistical Regression Model
The SAS (9.4) procedure, LOGISTIC, was the analysis tool for this study. Results of the logistic regression found that three variables were significant (Admission GPA, Science GPA and HESI A&P scores). To test for predictor multicollinearity the LOGISTIC procedure was repeated with the inclusion of original predictors and new variables which were computed as the log values of each (Hosmer & Lemeshow, 1989) . The interaction between each predictor and its log value was examined for significant contributions to the regression equation. WALD Chi Square statistics revealed that that no significant estimates were found for the interaction terms.
As such, the assumption of linearity in the logit had been satisfied for the Admission GPA, Science GPA and HESI A&P variables.
The following three variables, admission GPA, science GPA and HESI A&P scores taken together gave the best predictive model, accounting for 76% of the variance (c= 0.762). The overall predicted probabilities and grouping was relatively strong suggesting that the three variables found by this model may discriminate membership in the success or non-success groups. See Table 4 for point values and examples of how increases in variables identified could increase the odds of student success.
Test of the Model
1. Use of HESI A 2 Reading Subscale Score. Despite the data from the logistic analysis, some faculty on the admission committee strongly felt that reading was very important to student success and wanted to see if use of data from the HESI reading subscale would improve the outcomes. The reading score was the least effective at discriminating between successful and non-successful students. It would have eliminated only 13% the non-successful students, and 8% of the successful students. This may be because nearly all students who met the minimum GPA requirements for nursing (currently 2.75 GPA) also had a high reading score, and there were only six ESL students in the dataset. would also have eliminated 22% of the successful students.
3. Using a combination of the HESI A&P subscale sore divided by 10 and then adding this to the student admission GPA to produce a combined admission score. As the raw unweighted HESI score would have much more weight than GPA if used unchanged, the HESI score was divided by 10 to help decrease the weight of this variable compared with GPA. Use of this formula would have eliminated 38.75% of the non-successful students, but also would have eliminated 19% of the successful students.
4. Using all three of the significant predictors determined by the logistic regression analysis was the most effective method to discriminate between successful and non-successful students. A formula comprised of preprogram GPA, plus science GPA, plus (HESI A&P score divided by 10) produced the best results. As above, the raw HESI score was divided by 10 to help decrease the weight of this variable compared with GPA. This admission formula would have eliminated 40.9% of the non-successful students and would only have eliminated 16% of the successful students.
Discussion
Similar to most of the other studies reviewed and as supported by the Geometric Model of Student Persistence and Achievement (Swail, 2004) , this study supports that the cognitive factors of college GPA and grades in the nursing specific science courses are highly significant when attempting to determine student potential for success in a nursing program. In addition, this study found that the prediction was improved by using scores from the HESI A 2 Anatomy and Physiology subscale. However, the other two other major factors from the model, social/behavioral factors and institutional support, were not measured in this study. How much these factors contribute to a student's success and how these factors might modify the effects of the purely cognitive factors on student success cannot be determined from this dataset.
Student selection is one of the first steps in improving student retention. To assist admission committees in the process, the ideal selection method would be easy to use, would retain the highest number of students who were ultimately successful, and remove from the accepted group those who were ultimately non-successful. This study demonstrated that of the variables examined, preprogram GPA, science GPA, and scores on the HESI Anatomy and Physiology subscale were most the most effective at selecting successful students. A best fit formula was derived from these three factors: Preprogram GPA + Science GPA + (HESI A&P score/10) = admission score. Retrospective analysis using this formula indicated that it outperformed the other formulas tested, including the prior rational selection method.
Retention of students who have been admitted to a nursing program a concern not just for nurse educators, but for students, parents, funders of public programs, and employers of our graduates. It is measure of program quality even more important than first time NCLEX pass rate, as a student who is unable to pass the NCLEX on the first attempt can retake the exam and eventually become an RN, but a student who fails or drops out of a nursing program has wasted their time and money, taken the spot that another student could have occupied, and ultimately cannot contribute to the nursing workforce. But as indicated in the background section, this data is not really being reported or monitored on a national level. According to the accrediting agencies, a quality program of nursing should attain 80% or higher levels of retention, but data from Kentucky indicates that the actual retention level being obtained may be significantly lower for many programs. Thus, retention is an important nursing program outcome that nursing regulatory bodies should be monitoring and addressing.
Limitations
1. All student data from were from one BSN program, with limited ethnic and language diversity.
2. The regression model was somewhat skewed with more students in the "Success" group than the "Non-success" group. Although not a small sample, the groups being unbalanced should be noted. Studies with small sample sizes and unbalanced groups tend to overestimate the effect measures.
3. The retrospective analysis told the authors which students would have been eliminated using the various formals. In their place other students would have been admitted, but while the logistic regression indicates these other students would have been more likely to be successful, this cannot be validated using retrospective data.
4. This study focused on enhancing the cognitive side of the geometrical model of student persistence, so factors related to the other two sides of the triangle (social/behavioral and institutional support) were not able to be accounted for (Swail, 2004 ).
5. While all students in this study had taken the HESI A 2 exam, at that time the scores were not used to rank students for admission. Some students may have been aware of this and may not have performed to the best of their ability, thinking the exam was not important.
Recommendations
1. Perform a longitudinal study of the outcomes of the new admission formula over time.
2. Include measures of the social/behavioral side of the geometric model for future studies.
3. Repeat this type of analysis using data from other nursing programs.
Conclusion
In this study, use of a statistical selection model based on preprogram GPA, science GPA and HESI A 2 Anatomy and Physiology subscale scores predicted 76% of the variance in student success in an BSN program. Use of this model would have eliminated 40.9% of the unsuccessful students who had been selected by the previous admission method, while retaining 84% of the students who were ultimately successful in the nursing program. The formula derived from this study is now being used to select students for the WKU BSN program. The graduation rates obtained by using this formula will be compared in the future with the graduation rates obtained by the prior rational admission process, which included GPA, plus points given for qualitative factors such as reference letters, student goal statements, work experience, and interviews. Note: When Point Estimate values increase, the odds for student success within the program also increase. Thus, for these data, the odds for student success are 4.57 times higher for each point change in a student's Admission GPA, 2.37 times higher for each change in Science GPA, and 0.90 times higher for a 10 point increase in HESI A&P scores.
